SUMMARY Levels of C4d, a fragment of C4 generated during activation of the classical complement pathway, were measured in the plasma of 77 patients with rheumatoid arthritis and 30 healthy subjects. Disease activity was judged according to Ritchie's articular index to be mildly active in 31 (group 1), moderately active in 29 (group 2), and severely active in 17 patients (group 3). Plasma levels of C3d, a fragment of C3, and serum levels of C4, C3, and immune complexes were also measured. The ratios C4d/C4 and C3d/C3 were calculated. The C4d/C4 and C3d/C3 ratios and the levels of circulating immune complexes correlated with the degree of disease activity without significantly departing from linear trend and discriminated between patients with different grades of disease activity. C4d, C3d, C4, and C3 also correlated with disease activity but in a non-linear relationship. A significant correlation was found between C4d and C3d, and between C4d/C4 and C3d/C3. C4d and C4d/C4 also correlated with circulating immune complexes. These results indicate that indices of C4 and C3 activation, in particular the ratios C3d/C3 and C4d/C4, provide a sensitive assessment of disease activity in rheumatoid arthritis, and confirm the major part played by the classical complement pathway in the pathogenesis of this disease.
Activation of the complement system represents a major mechanism of inflammation in a variety of connective tissue disorders.' Complement involvement in rheumatoid arthritis has been demonstrated by the finding of depressed levels of complement factors in the synovial fluid of patients with active disease.2 3 In the peripheral blood of these patients, however, the levels of complement factors are normal or increased, owing to their behaviour as acute phase reactants.8 Thus an increased synthesis compensates for the accelerated catabolism of these factors, explaining why their levels do not reliably reflect complement consumption in rheumatoid arthritis.9
Unequivocal evidence of complement activation can be obtained by the measure of complement fragments which are generated during complement activation.10 Levels of the fragment C3d are found Accepted for publication 13 To lessen the problem of unequal variances logarithmic transformations of all the above parameters, except C4 and C3, were used throughout the study.
Statistical computations were performed using the statistical package for the social sciences (SPSS) on an Amdahl 5980/300 at the University of London Computer Centre. Results Table 1 and Fig. 1 show the results obtained. All complement indices were significantly higher in patients with rheumatoid arthritis than in controls (C4: t=5-18; C4d: t=9*39; C4d/C4: t=4-32; C3: t=5*71; C3d: t=6-77; C3d/C3: t=3-98; for all p<0-001) and they were significantly correlated with disease activity (Table 1) . Only the ratios C4dIC4 and C3d/C3 increased in proportion to the grade of disease activity without significant deviation from linear trend. That is, C4d/C4 and C3d/C3 values were higher in the most active group (group 3) than in group 2, in group 2 they were higher than in group 1, and in group 1 they were higher than in controls (Fig. 1) .
Circulating immune complexes were significantly higher in patients than in controls. They also correlated with disease activity without significant deviation from linear trend ( Table 1) .
A correlation was found between C4d and C3d (r=0.29, p<001) and between C4d/C4 and C3d/C3 Complement activation and disease activity in rheumatoid arthritis 305 (r=025, p<0 02). C4d and C4d/C4 also correlated with circulating immune complexes (r=023, p<0-03 and r=0-28, p<0-01 respectively).
Discussion
The present study demonstrates the value of measuring the complement fragments C4d and C3d and calculating their ratios to the parent molecule in the assessment of disease activity in rheumatoid arthritis. This is of interest, as an improvement in objective testing of disease severity would aid the management of patients with this condition.
In rheumatoid arthritis tissue injury and clinical manifestations result, at least in part, from formation and deposition of antigen-antibody complexes.20 Levels of immune complexes, which reflect this central pathogenic mechanism, would be expected to be reliable markers of disease activity, therefore. High levels of circulating immune complexes are a common finding in patients with rheumatoid arthritis,21 22 especially in those with the most severe disease.6 Our data corroborate these observations and show that levels of circulating immune complexes increase linearly with the degree of disease activity.
Immune complexes incite tissue damage by virtue of their ability to activate complement and so initiate an inflammatory reaction.23 It is by fixing Clq that immune complexes trigger the complement cascade through the classical pathway with production of the fragments C4d and C3d.t5 In keeping with this pathogenetic sequence, the measurement of C4d and C3d and the calculation of their ratios to the parent molecule not only provided evidence of complement involvement in our patients but also gave an indication of the grade of disease activity. Furthermore, a significant correlation was observed between C4d and C4d/C4 values and the levels of circulating immune complexes, between the levels of C4d and C3d, and between the ratios C4d/C4 and C3d/C3, showing that in rheumatoid arthritis complement activation proceeds through the classical pathway, immune complexes having a major role in initiating it. No correlation was observed between C3d and C3d/C3 and circulating immune complexes. This could be explained by the fact that cleavage of C3 is a relatively late event in the sequence of complement activation, also influenced by alternative pathway function, while cleavage of C4 represents an early event in classical pathway activation, immediately following immune complex mediated Clqrs conversion. 15 An interesting finding of this study is that among the indices of complement activation only the ratios C4d/C4 and C3d/C3 could discriminate between patients grouped according to the severity of their condition. This may be because levels of the fragments C4d and C3d are activation indices affected by the initial levels of their parent molecules and not exclusively reflecting the catabolic turnover of C4 and C3, but the fragment to parent molecule ratios are indices of activation independent of the concentration of intact components. Of relevance in this context are the reports showing that the C4d/C4 and C3d/C3 ratios best reflect the in vivo fractional catabolic rate of C4 and C3.24 25 In agreement with previous studies-7 levels of C4 and C3 were not reduced in any of our patients, indicating that the measurement of intact complement factors fails to identify complement activation in rheumatoid arthritis. Nevertheless, C4 and C3 were found to correlate with disease activity, though in a non-linear relationship. This loose association with disease activity could be explained by the fact that in rheumatoid arthritis levels of C4 and C3 mirror the reactive increase8 in the production of these proteins rather than their consumption, which is the phenomenon more closely related to the pathogenesis of the disease.
In conclusion, our data show that indices of activation of the classical complement pathway, and in particular the ratios C4d/C4 and C3d/C3, provide a sensitive measurement of disease activity in rheumatoid arthritis. Additionally, the close correlation observed between levels of circulating immune complexes and indices of C4 activation, and between the latter and grades of disease activity, confirms the major part played by the classical complement pathway in the pathogenesis of this disorder.
